to think that the mind is in the brain, in the head, but the fact is that the environment also includes the rest of the organism; includes the fact that the brain is intimately connected to all of the muscles, the skeletal system, the guts, and the immune system, the hormonal balances and so on and so on. It makes the whole thing into an extremely tight unity. In other words, the organism as a meshwork of entirely co-determining elements makes it so that our minds are, literally, inseparable, not only from the external environment, but also from what Claude Bernard already called the milieu intérieur, the fact that we have not only a brain but an entire body" (Varela, 1999b) . A direct consequence is that the proper object of cognitive science is neither mind per se nor matter per se but instead living subjects that are bearers of irreducible phenomenological properties and biological properties alike (Petitot et al., 1996; Rudrauf et al., 2003) . Following this enactive paradigm, Francisco Varela formulated in his late work a particular methodology called "neurophenomenology" directly using the essential complementarity of neurobiological and first-hand phenomenological descriptions (Varela, 1996) . As experimentally explored in a small but growing literature (Lutz et al., 2002; Jack and Roepstorff, 2003; Gallagher and Brøsted Sørensen, 2006) , neurophenomenology takes the step of incorporating in neurosciences so called 'first-person methods' -techiques that subjects can use to increase the threshold of their awareness and thereby provide more refined firstperson models of their experiences. Furthermore, at the heart of this strategy, the central aim is to create experimental situations that produce so-called 'mutual constraints ' (or 'mutual enlightenments') between first-person phenomenological data and third-person neuroscientific data (Varela, 1996; Lutz and Thompson, 2003) . In these experimental situations, the subject is actively involved in generating stable experiential categories and describing them; the neuroscientist can be guided by these first-person data in the analysis and interpretation of brain processes; reciprocally, the identification of new neuroscientific data may lead to a refinement of the corresponding first person descriptions. Based on this new neurophenomenological circulation, we review here some of the ongoing work of our research group concerning epilepsy. In particular, special attention is here paid to interdependence of neuro-dynamic and pheno-dynamic structures associated with the beginning of an epileptic seizure, the so-called aura.
II) The epileptic aura
Epilepsy is a brain disorder characterized by spontaneous, repeated seizures (see Engel, 1989 for a history and summary of this literature). During seizures, neurons fire in massive, synchronized bursts. Many epileptic attacks leave people unconscious -sometimes looking "frozen in place," sitting or standing for minutes, but without consciousness. Nevertheless epileptics very often have specific 'aura' experiences at the beginning of a seizure ( Fig. 1-A) .
The epileptic aura is that portion of the seizure which occurs before consciousness is lost and for which memory is retained afterwards (Gloor et al., 1990) . In the case of simple partial seizures, the aura itself may be the entire extent of the epileptic episode, in others there is a transition to a full-blown seizure (Commission on Classification and Terminology of the International League Against Epilepsy, 1981) . During the aura, the subjects rapport a variety of experiential events (Silberman et al., 1994) : for example, memories may invade the subject's experience and cause a déjà-vu illusion, an experience in which a person has the intense conviction of having been through exactly what is happening now in the past. In orther cases, the patient may experience forced thinking where a sudden thought imposes itself on one's awareness with such force that it gives the impression of certainty and, occasionally, even of clairvoyance. In an extreme case of forced thinking, the paroxysmal experience can affect visual and auditory modalities in the form of hallucinations in which the patient may see a particular familiar scene or fact, or hear a voice or music (Gloor, 1990 ). The patient is usually aware of the illusionary nature of his experience. In the same context, the subject suddenly has the vivid impression of observing him-or herself as wholly or partially different from normal. This depersonalization experience is always accompanied by strangeness and anguish. In this context, most of the epileptic experiences are associated with emotional components. For example, feeling of fear is the commonest affective symptom associated with epileptic discharges from mesial temporal origin. Special emotional auras consist of an attack of anguish and terror that suddenly takes over the consciousness with such intensity that the subject has the impression she or he is losing control of the situation, which will have a terrible end, perhaps madness or even death. In other emotional auras, the experience consists of a sudden state of joy with no apparent cause, and it takes over the consciousness passively for a few short moments, filling it with awe and strangeness. 
III) Collecting phenomenological data of the aura experience
First-person reports of the aura in epilepsy have always been recognized as essential components of its clinical picture. Nevertheless, the level of detail of the patient descriptions used in the medical circle for describing seizures provide only weak and incomplete information about subjective experiences (Johanson et al., 2003) . There are several reasons of this traditional tendency to neglect the subjective dimension in medical diagnoses: First, the clinical approach tends to believe that, ultimately, the only good level of description of subjectivity relies on the description of brain processes. Consciousness becomes an epiphenomon of the neuronal machinery that, operating behind our back, creates illusions at the level of consciousness and possible distortions in the contents of consciousness during the seizure. This results in the belief that first-person reports cannot help to identify the origins of a mental illness. Second, the clinical view isolates the individual patient and considers a mental illness separated from the interconnections with his body/environment. A third reason is the difficulty which the patients confront in reporting their own experiences (Le Van Quyen and Petitmengin, 2002; Johanson et al., 2003) . Indeed the verbal repertoire and the level of insight displayed by the subjects sometimes fail to meet the needs of an adequate introspective exploration. This is especially true for the epileptic experience, because it affects the very condition of experience and its reportability. In particular, the perception of warning signals often triggers an emotional reaction of stress and panic, which in turn hampers the perception of warning signals. Furthermore, the patient may experience warning signals but doesn't remember them because of postictal amnesia. All this does not encourage the awareness of epileptic signals nor the will to describe them. Furthermore, these difficulties have prompted the medical circle to dismiss verbal reports as useful indicators of epileptic states, and have led it to rely instead on purely behavioral measures, such as video-monitoring and button press if a seizure occurs.
Clearly, complementary methodological approaches must be taken into consideration to translate introspective reports into scientifically useful characterizations (Hurlburt and Heavey, 2001 ). In particular, special attention must be paid to specific and stable, experiential categories taking place during the aura. In this respect, rigorous methods have been developed, in the lineage of Husserl's psycho-phenomenology, for collecting precise descriptions of subjective experience. These "first person" methods suppose a departure from the naive belief that becoming conscious of one's lived experience is immediate and easy. A large part of our cognitive processes is pre-conscious, pre-reflective, i.e. unfolds below the threshold of consciousness. This explains the paucity of initial verbal self-reports on any subjective experience. But it is possible to gain access to this pre-reflective experience thanks to very specific "interior gestures" (as the "phenomenological reduction") that may be trained (Depraz et al., 1996) , and/or prompted in the context of an interview, thanks to specific techniques (Petitmengin, 2006) . In our own work, in order to help the patients to become aware of their ictal experience and to describe it, we use specific interview techniques which guide them towards the concrete evocation of a particular experience from the past. This process of explicitation unfolds in three stages (Petitmengin et al., 2006) : First, we choose a particular seizure from the past for which the patient retains a memory. If the patient sometimes feels warning sensations, we choose a seizure in which these sensations were especially vivid; if the patient does not experience warning sensations, we choose a recent seizure or one that she or he remembers. Then we have to identify the right moment to begin the description. In the case of warning sensations, we choose a temporal marker shortly before the start of these sensations, and begin the description there. Second, we guide the patient towards a concrete evocation of this particular preictal experience, by helping him or her to rediscover, in a precise manner, the visual, kinesthetic, auditory and olfactory context of the experience, until the patient feels that she or he is "reliving" it. Third, when the evocation is sufficiently stabilized, we help the patient to turn his or her attention towards the internal process, which may have been pre-conscious, "pre-reflected," until then. By use of a specific form of questioning, the patient is guided through an exploration of various registers of her or his subjective experience: visual, kinesthetic, auditory, and olfactory sensations; emotions; and internal dialog. Clearly, this process of explicitation requires a sustained and intimate effort from the patient. The establishment of a mutual relationship of truth, while providing the patient with the possibility of becoming an active co-researcher, is therefore the cornerstone of the interview.
IV) Pheno-dynamic structures of the epileptic aura
We have analyzed a group of patients with drug-resistant partial epilepsy with subjective symptoms preceding their seizures. They were selected from patients examined at the Epilepsy Unit of La Pitié-Salpêtrière Hospital in Paris. The interviews were done in hospital in a specialised video-telemetry unit where EEG and video were recorded at the same time.
The level of detail of the patient descriptions varied depending on the time since the seizure.
Descriptions taken within 24 h were more detailed, as were descriptions from those who had more practice in reporting their experiences. Here the main aim is to obtain, through descriptions of the target experience, an account of that which is invariant (or stable) as a feature of the experience, regardless of whether it is one or another subject that undergoes it.
Our main observations allowed us to recognize that, despite a great variety of clinical manifestations (see section II), epileptic auras have in common several invariant features that we called: 1) thought interference, 2) forced attention and 3) self-awareness.
1) Thought interference:
In a usual first-person perspective, the stream of consciousness is a sense of consciousness as a temporal flow. William James, in his famous chapter on "The Stream of Thought" (James, 1890, Chapter IX), provides a detailed description of the structure of this flow. This flow oscillates between "static" moments of explicit cognitive-emotional activity and vaguely articulated tendencies of transitions into new directions ('fringes of consciousness', see Varela, 1999) . Even though the stream may be sometimes saccadic, the stream of consciousness remains uninterrupted as the same flow. In particular, in a given temporal moment of the stream, its constituent contents (e.g., thoughts, images, sensations) are co-conscious, i.e., united in an experiential whole. In contrast, during an epileptic aura, the patient experiences thoughts or ideas that suddenly pop up in the mind as if from nowhere and break into the main line of thinking or interfere with it. One patient described this feeling by saying: "These are sudden projections of images from the past, flash backs that impose themselves on me, that jump on me. They are for me the signs that a seizure is just coming." Thought interference often becomes intensified in frequency during the aura, ending up as thought pressure, where the patient is overwhelmed by new thoughts going in different directions. In association, the patients often report a fundamental change in the experience of time, e.g. a sense of time rushing ahead, time slowing down, standing still or time losing its continuity and becoming fragmented. These experiences of thought interferences show significant similarities with the observations reported by Penfield by electrical stimulation of the temporal lobe in epileptic patients during surgical procedures He observed that local stimulations at the level of an epileptogenic zone can reproduce epileptic experiences (Penfield, 1959) . Furthermore, the patients are being somewhat aware of their environment, yet totally caught by the vividness of the emotional experiences induced by the electrical stimulation of the temporal lobe. Penfield's conclusion was that these patients were simultaneously experiencing ''two separate streams of consciousness'' (Penfield, 1968 ).
Interestingly, a very similar concept dates back to Hughlings-Jackson, who called the symptoms of the ''dreamy state'' a ''double consciousness'' (Taylor, 1958) . In this state, patients were vaguely aware of ongoing events (one consciousness), but were preoccupied with the intrusion of an ''all knowing'' or ''familiar'' feeling (a second consciousness).
2) Forced attention: As mentioned before, attention is very strongly affected during the aura experience. The scope of attention becomes narrow and the focus of attention is directed inward, away from external stimuli. Some patients called this phenomenon 'forced attention', because it included the narrowing of the focus of attention and the absence of the voluntary control of the direction of attention. Although largely underrecognized, forced attention to interfering thoughts seems to characterize the early stage of the seizure and appears to be a fairly common element in the subjective experience of the seizure. For example, some patients reported being totally absorbed in a compelling seizure-induced experiential phenomenon. When asked why they did not reply to the examiners questions during the episode, these patients usually reply that they ''were there'' but indicate their complete absorption in the experience.
3) Self-awareness: In strong relationship with the phenomenon of forced attention, patients often experience a phenomenological distance between their experiences and the sense of self. In usual cognition, the sense of self and experience is one and the same thing; they are completely fused. During the aura, there is a constant self-monitoring in which the patient excessively takes himself as an object of reflection. This is also associated with turning away from the external world and may prevent the patient from a natural, smooth engagement in the interactions with the world. In this phenomenological distance, the self is observing its own mental contents and activities and this state may intensify into a sense of having a double of a split self. The patient says that he sometimes feels as if he was 'outside' himself as a sort of a double, watching or observating him and others (One patient described this feeling by saying that ''my self/my ego moves out of me.''). Clearly related with this phenomenological distance, the epileptic aura is also often associated with spatialization of experience where thoughts are experienced in a spatialized way, for example localized to a particular part of the head or body (for example: 'My thoughts are pressing on the skull from the inside') or being described in spatial terms (for example: 'one thought in front of the other', 'thoughts are encapsulated'). This raises a qualitative difference with usual consciousness where a thought does not seem to be experienced as a 'thing' with specific location and spatial characteristics; its introspective contents are transparent or immediately given in a nonspatial way (i.e., the contents are not like physical objects lending themselves to a description in spatial terms).
V) Neurodynamics structures of the epileptic aura
The epileptic changes associated with the aura can also be addressed by third-person neuroscientific data. Focal epileptic seizures originate in specific parts of the cortex and either remain confined to those areas or spread to other parts of the brain. The epileptic aura is related to the initial local activation of a cortical zone in which the seizures start. This view has been supported by so-called EEG-video monitorings where brain electroencephalographic (EEG) signals and video of the patient where recorded at the same time. These combined information clearly correlate the initial clinical signs of the seizure with the sudden appearance of a specific EEG pattern out of the ongoing background brain activity (Engel, 1989) (Fig. 1-B) . In particular, during the phase of presurgical evaluation of subjects with pharmacoresistant epilepsy, invasive EEG recording from intracranial electrodes was often required to determine the exact extension of the epileptic zone. In contrast to scalp EEGs, intracranial recordings provide a high signal-to-noise ratio and a good spatial precision, down to millimeter spatial resolution. At the start of an epileptic seizure, these intracranial recordings clearly demonstrate that high frequency oscillations, especially in the gamma frequency range of 40-120 Hz (Fisher et al., 1992) , occur at the site of seizure origin. Very high-frequency oscillations (100-500 Hz) were also found in intracerebral recordings of the epileptic focus near the time of the onset of the seizure (Traub et al., 2001; Jirsch et al., 2006) .
Taken together, local high frequency oscillations are correlated with the aura experience and reflect the pathological synchronization of distributled neuronal ensembles around the epileptogenic zone (see Fig. 1 -B for an example).
Spatiotemporal synchronized patterns are ubiquitous in the normal brain dynamics brain at the large scale . As suggested by several recent observations, much of the nervous system can be viewed as a massively parallel, distributed system of highly specialized neuronal processes transiently bounded through a kind of temporal resonance. Gamma neuronal oscillations are thought to provide a temporal structure relative to which the activities of individual neurons are organized in a millisecond timescale across distributed neural networks (Singer and Gray, 1995; Chrobak and Buzsaki, 1996; Rodriguez et al., 1999; Varela et al., 2001) . In each moment of time, one singular, specific coalition of neuronal activities becomes dominant and incorporates or discards into its components multiple neuronal activities distributed over both cortical and subcortical regions . These dominant coalitions are dynamically unstable and would therefore be continually 'forming, growing or disappearing' (Crick and Koch, 2003) . Furthermore, these transient neural assemblies mediate the coordination of sensory and motor surfaces, and sensorimotor coupling with the environment constrains and modulates this neural dynamics.
Tononi and Edelman termed this process as the "dynamic core," in order to emphasize both its integration and its constantly changing activity patterns (Tononi and Edelman, 1998) .
Following this new neurodynamical framework, several authors have proposed that the transient emergence of dissociable elements in the flow of conscious experiences can be related with the flow of metastable patterns in the subject's neural activity. For example, Edelman and Tononi stress that consciousness is not a thing, but a process, and therefore should be explained in terms of neural processes and global interactions, and not in terms of specific brain areas or local activities. More specifically, they postulate that phenomenal awareness emerges when a certain threshold of neuronal synchronization, especially in the high-frequency gamma range, that has been overcome (for a certain amount of time) by a coalition of neuronal activities, enabling it to become conscious (Tononi and Edelman, 1998; Crick and Koch, 2003) . In the same way, the global Workspace theory (Baars, 2002) suggests that conscious experience emerges from a nervous system in which multiple processing modules compete for access to a broadcasting capability; the winning process can disseminate its information globally throughout the brain. Following the same idea, the occurrence of experiential phenomena during the aura has been explained in terms of a critical mass of neuronal synchronization in the gamma frequency range (see e.g. Herrmann and Demiralp, 2005) . The arguments are the following: If the neuronal synchronizations are suddenly increased in the epileptic zone, for example due to epileptogenic neurochemical disturbances in the brain, this activity is able to reach a level that is normally driven by a specific context for perception and action. As a consequence, these synchronizations may trigger a dominant neuronal assembly that incorporates or discards into its components multiple neuronal activities distributed over other cortical regions. If large enough, these synchronizations may break into the main line of global normal activities and can automatically popup in the patient's consciousness. For example, the patient get the feeling to perceive familiar scenes (faces or voices), because such increased gamma activity is normally only then present, when the sensory input receives feedbacks through its correspondence to the memory content. If the feeling of familiarity occurs in isolation, it is often inappropriately attached to the present, creating the illusion that the present is like the reenactment of a past situation or event of déjà vu.
Clearly, in this neurobiological explanation of the aura experience, the issue of how to relate such patterns to experience as a first-person phenomenon has been left untouched. In have not yet received anything near a satisfactory answer from the neuroscientific community.
Clearly, the gap between phenomenology and neurobiology is here still very large. What is the right way to conceptualize this relation, and what is the best way to approach it methodologically? In line with the neuro-phenomenological approach, we believe that mental properties are neither identical to nor logically supervenient on physical properties, yet remain causally related to physical properties 1 . Therefore, a possible strategy to gain some insights about the relations between first-person phenomenological data and neuroscientific data is to create experimental situations in which they reciprocally guide and constrain each other.
VI) Constructing neural and phenomenal state spaces
The purpose of this section is to discuss a possible formalism based on a state space approach that may give a potentially fruitful way of moving productively from one domain to the other.
Although still in its infancy, a theoretical framework to afford this issue has been proposed by the physical-mathematical framework of nonlinear dynamics (Nicolis and Prigogine, 1977; Schreiber et al., 1999; . In a nutshell, the traditional starting point of all these descriptions consists in conceptualizing the dynamics geometrically, in terms of positions, regions and trajectories in the space of possible states called a state space. The global state of any complex system composed of n independent variables can be geometrically
represented by a single point in an abstract n-dimensional state space. This mathematical representation permits a multidimensional view of all the dynamic variables needed to specify the instantaneous state of the system. A sequence of such states followed in time defines a trajectory, also known as the system flow. The shape of the flow is determined by the system's intrinsic dynamics -the force that push the system state in one direction or another, depending on where the current state is located. They can be thought of as constituting a kind of landscape over which the behavior of the system moves. An "attractor" is a trajectory in phase space to which the system will converge from any set of initial conditions. The global shape of dynamical landscape is determined by the so called order parameters. For autonomous dynamical systems, these global parameters are solely created by the intrinsic interactions among the individual parts of the system. They in turn govern the behavior of the individual parts. The dynamics of these order parameters (by definition, this dynamics is slower than that of the system) characterizes how the dynamical landscape is formed and evolves in time.
In a general way, nonlinear dynamics has a natural appeal for neurophenomenology, since it provides an explicit view of neuro-or pheno-dynamic structures as trajectories in a state space. Further, these descriptions make explicit generic structures of the dynamics, i.e.
characteristics that are observed independently of the particular variation of the context or the components of the system under consideration. The key feature is here given by the intrinsic dynamical landscape that brings the flow into particular trajectories, depending on where the current state is located. Importantly, dynamic system theory can help us to describe order parameters of dynamics, characterizing how its intrinsic dynamics is constituted and unfolds in time, possibly around some instabilities.
How constructing these neuronal and phenomenal state spaces? Concerning neurosciences, the application of phase-space techniques have prompted an intensive search for low-dimensional deterministic phenomena in brain activities. Prominent among such studies is the research of W. Freeman on mass action in the nervous system using macropotential in awake animals (Freeman, 1975) . In spite of some technical difficulties that arise in the estimation or interpretation of phase space for neuronal signals, this approach remains simple and has profoundly modified the manner in which brain processes are viewed and described (Skarda and Freeman, 1987; Elbert et al., 1994; McKenna et al., 1994; . As a good example of such state space approach, color perception has been described by three-dimensional vectors in a state space where each dimension corresponds to activity rates in one of the three classes of photoreceptors present in the retina (Churchland, 1989) . Concerning a state space of phenomenal states, there are several methodological problems (Cleeremans and Hayne, 1999) : a first problem lies in the definition of a minimal set of subjective variables spanning the main dimensions of an individual experience. Clearly, an agreement upon the variables defining the phenomenal state could be a matter of debate.
Second, another problem is the exact determination of the point of time at which a phenomenal experience occurs. In any case, it seems to be impossible to reach here the same temporal resolution as can be reached in the neuronal domain, because of the subjective fusion of experiences occurring within a time window of several tens of milliseconds.
Nevertheless, in some controlled situations, several phenomenal variables can be correlated with operationalized measures in order to be empirically accessible through these measures.
For example, Hobson (2001) have introduced a three-dimensional state space for the classification of mental states during sleep and wakefulness.
In the specific case of the epileptic aura, let us briefly sketch the road of our current state space strategy. As described above in section IV, three invariant phenomenological dimensions of the aura experiences can be distinguished: the level of arousal (primary consciouness, from alert wakefulness to sleep), selective attention (focal awareness, clearly defined experiences within the current center of attention) and self-awareness (ie.
consciousness of being in a specific mental state, thoughts about subjective experience).
Although exploring inner experience is often not trivially easy for epileptic patients, these phenomenological variables can be operationally defined in a clinical environment with several days of training and in the mediation of a skilled questioner (see Petitmengin et al.,
2006 for details). Furthermore, in order to be able to capture the dynamics of experience itself, we used a measure of these dimensions. In our current work, the patients were requested to draw by hand a curve representing the temporal progression of a given dimension. At a first coarse level, we found that a simple drawing gives a good one-to-one monotonic correspondance between the dynamics of the subjective experiences under investigation and a quantitative variables. The co-variations of the three curves give rise to trajectories in a three-dimensional phenomenal state space. Following this rudimentary phenodynamic approach, we recently used this experimental protocol to investigate one patient with a visual aura (Fig. 2) . The descriptions produced by the subject showed some interesting features about the time course of the aura experiences: Before the seizure, the patient´s level of arousal was almost constantly high, while the levels of focal attention and self-awareness show greater variability, depending on the environmental stimuli. As soon as the seizure begins, the patient's attention was strongly absorbed inwards in a strong self-monitoring and the patient experienced an increase in the level of self-awareness and a decrease in the attention to the surrounding visual world. Furthermore, on the basis of the co-variations of these three dimensions, it was possible to sketch rough generic pheno-dynamic structures of the transition to the aura in a three-dimensional phenomenal state space ( Fig. 2A) . In this transition, we oberved that the trajectories along the different dimensions appears to become trapped in a basin of attraction in such a way it limits 'wandering' on the state space, so 'giving directions' to cognitive processes. The flows appear to be strongly contracting, leading to the convergence of trajectories from any particular state. In parallel, we described the corresponding neural domain by analyzing the EEG signals recorded at the same time. We used here three state variables (Fig. 2B) : the amount of synchronized delta, alpha, and gamma oscillations. A similar state space approach has been proposed in a recent study showing that global brain states can be mapped into a low-dimensional space based on the degree of local frequency-dependent synchronization (Gervasoni et al., 2004) . On the basis of this neuronal state space, it was possible to disentangle the neuro-dynamic structures of the transition to seizures. During the normal state, because of an intrinsic instability of this dynamics, no stable regions exist in this space, but rather ongoing sequences of transient visits of specific attracting places in a complex pattern of motion. During the transition to seizure, the most frequent trajectories are surprisingly simple in the neural phase space, showing, on average, a tendency to follow a flow converging to an attracting region correlated with the aura (Fig.   2B ). As outlined above (section V), gamma oscillatory activity is the main electrical signature of this dynamical state.
VII) Homeomorphisms between neuro-dynamic and pheno-dynamic structures
As illustrated above, a parallel recordings of phenomenal and neurophysiological trajectories could be established using a state space approach, and it should be possible to establish a relationship between the two phenomena by comparing the dynamics of those measures. From our first observations, it seems clear that the point-to-point, linear time correlation is insufficient here. Rather, similarities between neuro-dynamical and pheno-dynamical structures exist between their dynamical trends. Indeed, we observed that, during the transition to seizure, if there is a continuous transition between phenomenal states, then there is also a continuous transition between the corresponding neural states, and vice versa.
Translated into mathematical terms, this means that there is a homeomorphic relationship between the phenomenal and neuronal domain in this situation. More precisely, a homeomorphism is a continuous one-to-one transformation between two sets of states, with a likewise continuous inverse transformation. This implies that topological structures of the flows of trajectories in one space are preserved in the other space. It is important here to stress that these relations are much more than simple passages, but display effective links that may guide and enrich both domains (Thompson and Varela, 2001) . Under this view, these bridges may be exploited to better explore the changes in the internal structure of the epileptic patterns that co-varied with specific experiences. In particular, some patients may be able to abort their own epileptic seizures by cognitive countermeasures (i.e. concentrating on a specific thought pattern or rubbing the body part involved in the aura). This approach is illustrated by the classic example reported by Efron (1957) . His patient had complex partial seizures with a long olfactory aura. A strong olfactory stimulus, such as perfume, could abort her seizures. This stimulus was placed on a bracelet and, a few months later, the sight of the patient's bracelet was substituted for the strong smell. Finally, a cognitive, non pharmacological control of epilepsy was possible: just thinking about the bracelet was effective in aborting seizure. This study marked the beginning of our understanding of how a 'downward' (global-to-local) causation (Thompson and Varela, 2001 ) could be systematically used to alter and inhibit the development of an ongoing seizure. A recent study has shown that detailed self-observation which aimed at identifying warning signals and the development of proper countermeasures achieved a significant reduction of seizures and can contribute to improving long-standing intractable epilepsies (Schmid-Schönbein, 1998) . Again, this cognitive control of epilepsy using the reciprocal causation between a human experience and the brain functioning require further careful conceptual and empirical investigation.
VIII) Conclusion:
The aim of the present study was to start developing a new approach to the systematic description of the neuro-and pheno-dynamical structures of epileptic patients in connection with seizures. We believe that epileptic seizures may represent a privileged window into the complex relationship between consciouness and its neural correlates. Nevertheless, a precise first-person methodology appears here crucial to describe these experiences in a rigorous way.
Furthermore, the efficiency of this approach needs a continuous circulation between the field of phenomena revealed by the patient's experience and the correlated field of phenomena established by the neurodynamics. We proposed that this circulation can be based on a state space strategy, revealing homeomorphisms linking the topologies of phenomenal and neuronal states. These homeomorphic relationships between neuro-dynamical and phenodynamical structures are reminiscent of Müller's psychophysical isomorphism (1896, see also Cleeremans and Hayne, 1999) . Nevertheless, in strong contrast to the psycho-physical proposals, our position is that the relationships between phenomenology and experimental neuroscience are more than passive passages, but display an active circulation that may extend both domains and may lead to a productive co-determination. For example, progress in neurosciences will motivate a more finely detailed phenomenological description developed under the regime of phenomenological description, and a more detailed phenomenology will contribute to better define an empirical research program. Furthermore, this co-determination may lead to new kinds of therapy for epileptic patients. The painting can be seen as a representation of an epileptic aura in which the patient experiences a transcendent religious event.
B. EEG recordings correlated with the aura. Top: An example of intracranial EEG recording. The seizure onset is here characterized by the sudden appearance of an ictal discharge out of the ongoing background activity. The epileptic aura is correlated to the initial local activation of a cortical zone in which the seizures start. Bottom: Transient synchronization of gamma oscillations (frequency band from 40-120Hz) during an epileptic aura (lines: statistical significant symchronization; circles: intracranial electrodes). This synchronous pattern is here projected on a 3D MRI reconstruction of the patient's brain. We can observe that these phase-locked patterns of brain activity appear spatially widespread, transiently linking different cortical regions. These synchronizations may break into the main line of global normal activities of the brain.
Figure 2
State space approach: As an example, phenomenal states (A) and simultaneous neuronal state (B) are characterized by points and trajectories in three-dimensional state spaces. For the phenomenal space, we chose three fundamental dimensions of the aura experiences: the level of arousal, selective attention and self-awareness. In this space, it is possible to sketch generic pheno-dynamic structures of the transition to the seizure. In particular, a large basin of attraction drives the trajectories into a specific state where the dynamics is trapped in a flow to the seizure. In the neural domain, the amount of synchronized delta, alpha, and gamma oscillations have been used to distinguish different neuronal states. The depicted trajectories are estimated from five seizures (here denoted as "sz1" to "sz5") of a particular patient. One can observed that the topological structures of the flows in one space are preserved in the other space, suggesting a homeomorphic relationship between neuro-and pheno-dynamical structures.
